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Methods. Phylogenetic analyses
Protein sequences of the HcpR regulator were obtained from GenBank for Desulfovibrio and other Deltaproteobacteria, including many species whose genome had been sequenced. Our sampling also included DNR and other FNR-like sequences from other Proteobacteria, Bacteriodetes and Cyanobacteria, as these sequences have been found to be closely related to the HcpR (Körner et al. 2003 , Rodionov et al. 2005 , Kazakov et al. 2013 ). To estimate a phylogeny for the genus Desulfovibrio and related taxonomic groups, we analyzed sequences of the 16S rRNA gene. The 16S rRNA sequences were obtained from GenBank for the same strains that were sampled for the HcpR analysis. As increased sampling greatly improves accuracy of phylogenetic estimates (Zwickl and Hillis 2002, Heath et al. 2008) , we sampled as many Desulfovibrio species as possible for both the HcpR and 16S rRNA regions. We also retrieved all the sequence variants (potential paralogs) that were present in each sequenced genome. GenBank numbers and references for all the sequences and taxa that were used for phylogenetic analysis are listed in Table S4 (below).
Sequences of the HcpR region were aligned using MUSCLE, version 3.8 (Edgar 2004a , Edgar 2004b . The 16S rRNA sequences were aligned in ClustalX, version 2.1 (Larkin et al. 2007) , with 'iterate each alignment step' in effect.
Alignments were visually inspected to detect and manually correct misaligned positions. HcpR alignments included several sections with ambiguous alignment, particularly around gaps (indels). Poorly aligned and highly divergent positions of the HcpR data sets were excluded with the program Gblocks, version 0.91b (Castresana 2000, Talavera and Castresana 2007) . To reduce the number of excluded positions, we adjusted some parameters in Gblocks, namely, minimum length of accepted blocks was reduced to 3 positions (default was 10), and positions with gaps were allowed in the final alignment.
Three different approaches were used for phylogenetic reconstruction: maximum parsimony (MP), maximum likelihood (ML), and Bayesian inference (BI). MP analyses were performed in PAUP* (Swofford 2003) , version 4.0b10 for Windows. Characters were considered unordered and equally weighted, and gaps were treated as missing data. MP trees were sought using the heuristic search option with starting tree obtained by stepwise addition, TBR (Tree BisectionReconnection) branch-swapping, 'MulTrees' option in effect, and 1000 random-addition replicates. To evaluate clade support, bootstrap (BS) analyses (Felsenstein 1985) were performed using a full heuristic search with 1000 (pseudo)replicates, simple addition sequence, TBR branch-swapping, and a limit of 1000 trees per replicate. Resulting phylogenetic trees were displayed and printed using TreeView, version 1.6.6 (Page 1996), and FigTree, version 1.4 (A. Rambaut; [http://tree.bio.ed.ac.uk/software/figtree/]).
Optimal models of sequence evolution need to be estimated prior to likelihood-based analyses (ML and BI). Best-fit models were selected with the programs ProtTest, version 3.4 (Darriba et al. 2011) , for protein alignments, and jModelTest, version 2.1.5 (Darriba et al. 2012) , for DNA data. ProtTest and jModelTest use PhyML (Guindon and Gascuel 2003) to compute likelihood scores and select best-fit models based on the following criteria: Akaike Information Criterion (AIC:
Akaike 1973), corrected AIC (AICc: Sugiura 1978), Bayesian Information Criterion (BIC : Schwarz 1978) , and the Decision Theory criterion (DT: Minin et al. 2003) . The best-fit model selected for the HcpR data sets was the LG+G (Le and Gascuel 2008; with gamma distribution: Yang 1993) , according to the AICc, BIC and DT criteria; the AIC selected a similar model, the LG+G+F, which considers the actual amino acid frequencies of the data sets under analysis (Cao et al. 1994) . For the 16S rRNA data set, the GTR+I+G model (General Time-Reversible: Tavaré 1986 ; with 'invariant + gamma': Gu et al. 1995) was chosen by all the criteria (AIC, AICc, BIC and DT).
Maximum likelihood analyses were performed in GARLI, version 2.01 (Zwickl 2006) . ML trees were sought with stepwise addition and 100 random-addition replicates; model settings were those indicated by ProtTest and jModelTest. ML bootstrapping (ML-BS) was performed with 100 replicates (HcpR data sets) or 300 replicates (16S rRNA), with the termination condition 'genthreshfortopoterm' set to 10,000 generations (default was 20,000), to reduce computation times without significantly affecting the bootstrap results.
Bayesian inference Simon 1999, Lewis 2001 ) was conducted in MrBayes, version 3.2.2 Huelsenbeck 2003, Ronquist et al. 2012) . As the LG model of amino acid replacement is not presently available in MrBayes, we used the RtRev model (Dimmic et al. 2002) , with gamma distribution, which was the next best-fit model found for the HcpR data. For the 16S rRNA data, the model was GTR+I+G as selected by jModelTest. Bayesian search was performed with four Markov chains that were simultaneously run for 7,500,000 (HcpR data sets) or 7,676,000 generations (16S rRNA), starting with a random tree, and with trees and parameters being sampled every 500 generations.
Convergence diagnostics, namely the Potential Scale Reduction Factor (PSRF: Gelman and Rubin 1992) and the average standard deviation of split frequencies (Lakner et al. 2008) , which are computed in MrBayes, were used to confirm that likelihood scores of the trees and parameters in the chains had reached apparent stationarity. The software Tracer, version 1.6 (Rambaut, Suchard and Drummond; [http://tree.bio.ed.ac.uk/software/tracer/]) was used to determine the proportion of pre-stationarity 'burn in' trees that needed to be discarded and to verify that an adequate sample of trees had been obtained. Remaining trees were used to compute a 50% majority-rule consensus tree with associated branch lengths and posterior probability (PP) values for each clade. Consensus trees and PP values were visualized in FigTree.
Trees were rooted using the outgroup approach (Huelsenbeck et al. 2002) . Selection of outgroups was straightforward in the case of the 16S rRNA sequences, as this region is widely used in microbial phylogenetics (e.g. Pei et al. 2010 ) and the phylogeny of the proteobacteria and other major groups have been extensively investigated (e.g. Gupta 2000, Yutin et al. 2012 , Lang et al. 2013 . For the HcpR data sets, we performed preliminary analyses with a larger sampling of FNR-like proteins (Table S4 ) to determine the position of sequences in unrooted trees and select as outgroups sequences that were clearly placed outside the clades we wanted to investigate. 
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(1) Refers only to complete sequences.
(2) Positions excluded using the software Gblocks 0.91b (Castresana 2000, Talavera and Castresana 2007) .
(3) Based on alignment after exclusion of positions.
(4) Estimated using pairwise distances (p-distance) with the program MEGA 6 (Tamura et al. 2013 ).
(5) Best-fit models selected with ProtTest 3.4 (Darriba et al. 2011 ) and jModelTest 2.1.5 (Darriba et al. 2012) . Figure S1 . Phylogenetic tree of the HcpR, DNR and other FNR-like protein sequences of Proteobacteria, Bacteriodetes, and Cyanobacteria (outgroup). The tree is a Bayesian 50% majority rule consensus tree, with associated branch-lengths. Values on nodes refer to posterior probabilities (PP) and maximum-likehood boostrap (ML-BS). Clade statistical support can be regarded as high (ML-BS ≥ 70% and PP ≥ 0.95), moderate (either ML-BS ≥ 70% or PP ≥ 0.95) or low (ML-BS < 70% and/or PP < 0.95). When only one value is given in a node, it refers to PP. The clade marked with a "star" is one of the groups that are recovered with similar topology in the 16S rRNA tree (see Fig. 7 ) The clade marked as "LBA ?" is a weakly supported group formed by highly divergent sequences, an association that may be the result of "long-branch attraction" (LBA: e.g. Bergsten 2005, Kolaczkowski and Thornton 2009) . LBA occurs when highly dissimilar sequences (with long-branches) group together, because, by chance (or convergence), they share a few amino acids or nucleotides, but not as a result of common evolutionary history. 
